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Abstract 



PROBLEM TO BE SOLVED: To provide a method of epitaxial growing by which very flat surface 
morphology can be obtained even in a lll-V family semiconductor thick film, which Is hetero-epitaxially 
grown on a hybrid substrate with different lattice constant and thermal expansion coefficient. 
SOLUTION: A selective growth region is set through the use of a mask 13 on a substrate 1 1 having off- 
orientation of about 0.3 deg. or more. A group lll-V compound semiconductor exhibiting a lattice 
constant and a thermal expansion coefficient different from those of the substrate 1 1 is formed with 
facet construction in the region and the facet construction is grown, while it is embedded with the mask 
13 to obtain a group lll-V compound semiconductor film exhibiting extremely good planarity. Also, a 
semiconductor lamination including double-hetero joint is formed on the group Ili-V compound 
semiconductor film to obtain a light emitting device exhibiting very few crystal defects and a long device 
service life. 
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[0 0 6 7] *:||ffi0iJT-(i. :^:7r >i//i-o:;^rS]^^S 
-t^^yr^rm^ (0 0 0 1) ®F^o;^l^^::ol^T. 
< 1 - 1 0 0 >:^f^<J: urcTi^ < 1 1-20 >:^r^'Ct 
S ®rtT*wnib«o:friS30PBTo:6-r^T*feo 

[0 0 6 8] :*:||JS€^!)'rflG a N t"^ v--^ yu^g 
^roV^Tai^fC3&^ I n G a NK. A 1 G a N]^. I n 
NlKx A 1 NK> I n G a A 1 NK^cCifCOG a N^^^ 
<^ ^ ffl V > r 31 3e ^ yU-^S L T 1> |W1 1^ O lb 

[0 0 6 9] mmmA) '^^m<DmA(om:mm\zo\^^ 
xmA^^mx^xmn-t^o ^my&mx\tm^t\.x< 

1 1 - 2 0 >;^fS](:: 1 0° (D^y:t^j=^>'r — iyB>^ 
*-r^ (0 0 0 1) m'^yr^r (a 1 2O3) Sffi4 1 

^m\^\ :i(Djc\z.mm,^m%nfS.^m cmovpe) 

I ^ mm&(DmW'(DG a N^4 2 L/Co G a 

N^4 2cD?f^^lCfi»^j|8iiit"i$^:^:^-& (MBE) It 
VMt^«&JR53'^a^t:-^:2f..>-ft (MOMBE) 
MOV P Ei^^co^S;^&^ffiVNTt^av\ 
[0 0 7 0] Z(00 a NM^®{ZS i 02^^?F^^ L. 

:^ by-(y^(Dmi (DmtRf&^mmA 4tmf&^ti^o 
z(DmtRfS.M:mm(Dmm^'^i^x{t. ^^mi 

(i< 1 1-20 >:^^t Lfzo 

[0 0 7 1 1 mtRf&^mmx(D i i i -vmit^^^m- 
^(Df&^X'a. I ! immMiz:^^; 'pM, (Ga) tmit 

tK^ (HC!) OSiC?^fi)cifeT-^^J^{l:^y C>A (Ga 



CI) tvmfW>WzT>^=^T (NH3) 
y^-< h'=7^ KV P Ejfei^ffli^/i, 
[0 0 7 2] S«^^SS^gF*s{C52:SL/::'(g. tK^^IS 
^*r-6 5 0t:/>^ibNH3«rSEL'>i;i5e,Sffi?ag$r 1 0 
5 or^T'^jSL/-!, -ecOt^G a C 1 ^^l^-r^r <^T- 
G a N^4 5^£KS$itrCo Ga 
C 1 SlS 2 0 s c c m. NHso^S 1 . 0 s I m. 
=^r-^ !i rggSa s 1 mi: LfCo ;i <75^f*r-G a Nfi. 7 

ra^:^$ii:^w<i:lc:J: ij^i^S 0 fxm(OW>i^G a Nj^4 

[0 0 7 3] ^lOGa NIK4 5±IC^u:s i O 

2^*^^^U. ^2 0-^;^:^ 4 6 t^2tOil^^S®Sc 

^•rfii^Lfeo ::^^^<?:>^2<^-^;^^(^;fe'f6)(i< 1 - 1 0 

fz.:)j^xhBi\^\ 'S.\zmi(D-^y^^ t(o{±^m%h&M 
\zWt^'tfivS.&i\i\ W-hfSi(D-^:^^±\zm2(D'^y^^ 

^mm±\^m2<D'^:^i^^^^Lxt^^\ t.f:imi<D 
2(o-^y^^^m^\.xhS:\^\ ^tzm^^^mm<Dm^ 
[0 0 7 4] z<D±{znxf±m^'§:i:mtm-'<of^^i: 

m^MT|S2 0G a Nii4 8 15 0;/ m^S^-lir 
Tto ®1. m20Ga NM^Ojg#B^S^ff=^::ol^r^i. 

yr^^y hmmr-m^^ix^^i^^m'^m^x^^o ^ 

[0 0 7 5] Z<DX0ti:2WcPi<DmVif&m(Om'^lZhm 
LT< 1 1 -2 0>*-ffi](Cl 0** <7>:^>^:^y 3i>-7^ 
— v^s^^^-r^ (0 0 0 1) ®1^^r'YT (A 1 

2O3) S:^<^^/c/:i*:>^®co^s^!^{ia»-cieD^aS?:^^co 

X'h^tCo (0 0 0 1) i^-v;^ hSffi^fflVNfcS 

[0 0 7 6 ] ZZXit2^^CDmn}^S\:i-^\^^Xm^fz 

iiiD°a^/iG a N^7)q#bn5o 

[0 0 7 7] :^^m,mxfi5i^LfzG a rsimi-^mm^mib 

XW-mx^^tzib. Z(0±\zmf^Lfz^mf^i^-'f. ^ 

[0 0 7 8] ^fz-^yr^rsmA 1 ^wm^j:t'{zx^ 
xf^^-r^ztxG a N^4 s^mwit Lxm\^^^zt 
hx^ho 

[0 0 7 9] :^m^^lXitG a N JP^COm t' ^ 
fiSc:^& (MOVPE) $:ffli^Tt>f5l^/j:am;i5:^bix 



5o 

[0 0 8 0] ^mmmvi^x^^ \)r:^:^t Lx^i^mirm 
[0 0 8 1 ] ^mmmxitm^t lxa \ 203^m\^-tz 

2^5^ SiC. ZnO, LiGa02^ MgAl204^^ 

m\^'Xhmm^i:^^m%hri^o ^rzm:^iiLtLx (o 

0 0 1) ® (CS) ^m^^^tziiK (1 1-2 0) © (A 
®) . (10-10)® (MS) . ( 1 - 1 0 2 ) m 

(RS) fj:t'i&(DmJjiiL^m\^^XtBi\^\ 

[0 0 8 2] $ ibl-A 1 203Sffi4 1 ±{C:G a Ni^Sr^ 

XtBi\^\ 

[0 0 8 3] ^mt&mxn-^:^^ 43. 4 e ti^xs i 

mtlifS.^m^<DmtLX^tl^ri5 urn. 2mn^m\^^ 

1 1 -2 0>*fS3{;i?g^£U3t;6^ ^'r-fe.y 

:m«!:Mii:o< 1 - 1 0 0 >*'[S]r't> ct < . rtt 
(b(o:)j\^f)^hmi'ffzfkmx^^xh'^^B^-S:<D^mzx 

um:iXox^ri^^tim^j:ho 
[0 0 8 4] ^Mmw^ixi-x^tyr^^jut lt 1 0* (o 
to^fflv^fc;^^ 0, 3" ]^±xhriit^< . :^'7r:y 

V)^(r:>^^\z^\^^X%^<\\-2 0>^^h\^fzt^. < 

1 - 1 0 0 >T't>a:< . nmmi t^m\z. ^bic-n 

h<o:)ji^^^ibWifz:^i^x^^xhBi\^\ 

[0 0 8 5] *:||2fB0!lT'liG a NO:x t'^ v'-y /UJ^S 
(COV^xa!-</'C75^ I n G a NM> A 1 G a N^, I n 
Nm. A 1 NBI. I n G a A 1 Nj^/^ ir'OOG a N^^t^^ 

[0 0 8 6] (m5C0*:&g^J) :$:%^M(Dm5(Dmmm{C 
T< 1 1 - 2 0 >:^(^(;il 5** O:^^;^"!; '>3 

>^m-rh (0 0 0 1) ®i^^T-fr (AI2O3) sts 
5i^m\^\ z(o±{zmm^m%mf&s& (movp 

tz^ G aNf!^5 2(Dmmzit^^m^^'^^i^—^ (M 

BE) m'it^m^m^'FJ^=^^'^^i^-& (momb 

E) /<^^MOV P Ej^^(7:>^S:*ri£$rfflV^r tai/^ w 
<7>G a Nflg^ffitCS i O28I5 3 ^fl^jSL. V ir V ^ 
^yy^-mt^=^y h:^'y^i^y{zXK^'^^^ 5 3^ 

^ h^^y^izmf^Ltz^ ztiizx^ ^h'7^y'^(Dm 



:^\^{t< 11-20 >:^\^t Ltzo 
[0 0 8 7] miRf^&m^X(o 3-5 ^it^^^mi^(o 

fijtST'ii. I I imm'mz:ffv (Ga) tJSfLTk?^ 

(HCl) (OR!t^^^^Xhhm.it:ff}J'yj- (GaC 

I) <t v^jgiisficTv^^r (NH3) ^;^$rffii/^'5/N 

^ KV P Efe^^l/^/Co 

[0 0 8 8] Sffi^^fi^gf^lc^MLfcS. 7K^#0i 
St*T*6 5 OX:^^br^H 3 %:mLfJ:t*^ hmm^&t: I 0 
5 Ot:SX#ia-t-5o -^O^G a C 1 ^«?^i-oC<^T• 
G a N^2 5 Sr^S^-^Tto Z<0^<r>f&S^i^i^. Ga 
C 1 MM 2 0 s c c m. NHaSfil . 0 s 1 m. tK^ 

^^vrm&3s\mtLfzo ^(D^wxsmr^^s^ 

it^ C t \ZJ: 0m2 0 0 ^ m<DG a N^5 5 ^^fZo 
[0 0 8 9] »:{ZZ<Dm^^Rit'^^^b^^ §l# 

m\^'x^^^m^m^^mm<o^ft'e{z^mi^fzo tk^ 

#SSl*T-6 5 O^Cd^bNHs^ggL/jiTJS^^iaL. S 

m^^^ 10 5 ot:ic:5S:^LfCo i^v^r^^e-^ y TSS2 

X 1 0 ^^c m"^OS i K— ^G ahi=i>^ ^ hJf (n 
S) 56, 2X10 m'^<D S i K— >^A 1 G a N 
7 5^ (n^) 5 7. 5x1 O^^c m"3<^s i K— ^ 
G a N^t;^/'^ K/i (nS) 5 8 Lfcio iS^lCSSi^ 

7 5 O'ClCaS^L. r^- K-y^/iJiS i ^ 1 x 1 
0^®cm"3 K— I nGa N !:7 3:/u:Rt;:r > K— 
^fcf^S i ^ 1 x 1 O^^c m"^ K— y^L/c. !>^yi-<t "9 
t) I n|I^<^^"?'<^V^ I nG aNy<VT^^h^J:h S^^O 

#fifi^#:R?i^i4^ 5 9 Lfzo »:\^^xfmm^m, 

^1 0 5 0r*C^^L. =^^y TSS5 X 1 0^*^cm"^ 

(DMe y—y'G a N^:^^ h^m (pS) eO. 1X10 
cm'^CDMg h*—yA \ G aN^ V y h^m (pW 6 
1 . 1 X 1 0 c m"^tDM g h^ — yG aN=^l^i^ ^ hM 
(pS) 6 2t:m»i^MLfZo 

[0 0 9 0] ^mmm\:^^^^X. f§tt/i5 9 <b pSG a 
N^t;^/-^ Kii7 OcOPBllc?§ttS^*;^^ KJli:«9t>^^> 
K^^'>':7'0:^t7SW«sfA 1 Ga N7!)-b>i53g«E*JhS 

fc. pl^G a N^iViJ'iJ^ hjiCD±{;i^ Jb(-ii^^S^Op§^ 

[0 0 9 1 ] ^mmm\c^\^^xitmm^mf^n^'S:mx 

I I I SSi^.i^l::*! h U '^A (TMG) . hV 

> ^/UT/U^ :=i^7 A (TMA) . h y 7« ^/U-f > >^ ^7 A 

(TMI) Srffll\ VSlJ^l^d f^rv^^r (NHs) 
^m\^\ K— MZlii^^^' (SiH4) XU^t';^'> 
^ D^>-^ C^mrL/urr ^/^.i/r^ix ( (C5H5) 2Mg) 

-r. 0iJ;tJf h y 3i^/u:^y (teg) . hym^/u 

-rVv^r^A (TEI) . h y ::i^^/UryU^n.^A (TE 
A) . h y p'^/l-T ^ ^T^V (TMMA) . 'I/v-^V 

(Si2H6) . t'^^^^yUv-^ Dv<>.^ ^;^:3r 
V'^^X. ( (C2H5C5H4) 2Mg) , D 



^-y^ ''yzsL-)\^-7if:i{^'y^J^ ( {CH3C5H4) 2M B ) 

[0 0 9 2] COi^W(^%*^^(iStS<i: U-C< 1 1 - 
2 0 >:frrS)lcl 5** 03i-7^y — e^a >'$:;ti"o 

(0 0 0 1) ®1^77-Yr {AI2O3) Srffiv^:tys:i^>^ 

fz. (0 0 0 1) KSffi^fflv^^S-g^riS 

Tfe ^ ^ ^ @ ^ »:} 1 1 (6 V ^ b <D T' ^ o , 

gf g > <!: J: o "C S^^-T 5 w n Sffi ^ 

[0 0 9 4] *:||J£CfiJT-liG a Ni?^iOrn fi^^v'^yu 

jSl^^^ (movpe) . '^^^^^\^^^'y-^J\^J^^m 
(MBE) . ;^f;^y-;^MB Efe^^v>T t>l5l^7:^Sb^ 

PEfe^^V^/:::^^ y — B E ife. 

^ KVP E?£7:^i:'fdl^7:►^:i:^^ffiv^■ct>av^ 

[0 0 9 5] *^ife0^jTM^^^ i; ri^:^>i LT7K^^>^ 

[0 0 9 6 ] :^IIJ£^'jT-{i£Si: LTA 1 zOs^Mv^fc 
S i C. Z nO. L i G a 02x Mg A 1 204^^ 

Wi\i^x%^wimmm^%hf\.^. t,fzm:fj&tLx (o 

001)® (cm) (11-20) m (A 

®) . (10-10)® (M®) . (1-102)® 

(R®) ?i<^*ft!l(^)®:fe'^fi:^^v^rtav^ 

[0 0 9 7] ^h{:iA\203mt^5 I ±{ZG aNm^h 

[0 0 9 8] ^m^mXlt-^^^ 5 3 ^ LX S i 02^ 

3|^-Ct>Mv\ •^fz-^:^^RV^mtfi^^m^(^mt LX^ 

i:;65T'ti^l^^/>< hXh^X hmm<D^^^^mhti^o 
^ h'7^y^< I 1-20 >;^r^{c?fML 

1 - 1 0 0 >*'f^T'l> J: < . wH^bco^-fSiT&^ibfSitfc:^ 

^mtun\z X ^x ^ ti^'tim^A ^ m^m^x ^ 5o 

[0 0 9 9] :ip:n^mXit:tr7T>^/v^(Dfkmt LX 1 

'7T /i^<r>')j\^\zr>\i^x 11-20 >*'rSl<l: L/C 
t^, < 1 0 - 1 0 >:^rsjT't>a< , ^ bi-^nbco:^!^ 



m^x^ho 

[0100] ^ummx^-xQ a ^mm<0±.{Zy'y<^ 

^^^mm Ltz^K I n G a NK. A I G a NM. I n N 

mi^mmLxhmm(o^^f)^^htt^o :^h\^ztih(D 

I I \ -vmit^^^^mmz^m.^^mmi.xhmm<D 

[0 1 0 1 1 

I -vKft;'g-ig3i}^^fr(^^S:^&{cJ:n(^. o. 3° ii^ 
jt«^?S <^'<^r'^<-< :^ Srf^SJ-r^ w ;iST- 1 

[III®(7)fKm/^IJ£P^] 

[lili] *:^0^omi o^JS^rj^taB^-r^xMi^i^iii-e 
[ID2] *:^B^O^2O^iS«?iJ^KP^-r5XmK0>^l2r- 
[113] ;^^P>^(^>^3c7:>^ffi0iJ^m?^-r^x^i5S.P^ll]x 

[1114] *^^O»4O|lig{?iJ^K0.g-r5XmiftPJiglT* 

[US] :$^^m(Dm^<Dmmmx^^^m»^itm'=F(o 
silt * K -t- s xmift §^ T- ^5 o 

[^-^ CO 15^0^] 

II < 1 1 - 2 0>;^rSl{C5** (D:^7;^-y — V/ 
3 i^^rW-r^ A 1 2O3 (0 0 0 1) Sffi 

1 2 Sg±t::^*!)JF^^$ixfcG a NK 

13 Si 02fll (S i 02*^^ ^) 

14 G a N^^S^it^ilS^^S^lgc 

1 5 ^ f^^i^-r/l-^SLfcG a Nfig 

2 1 < 1 1 - 2 >;^r^t;i5** <75;^-:7;^y m^T^— i>3 

a - S i C (0 0 0 1) StS 
2 2 SS±lCi^*!>?f^^$tL/zA 1 0. iG a 0. 
2 3 Si O2K (S i 02-^^^) 
2 4 G a N^^S^it^iliR^S®^ 

2 5 31 ftJ^^^v-^/U^:^ L/CG a 

3 1 < 1 - 1 0 0 >:^f^{C 2* cO:^:7;t y 
3 >$r^i-S A 1 2O3 (0 0 0 1) Sffi 

3 2 Si 02^ (S i 02-^^iJ^) 

3 3 G a N^fiJc:^$-t±-5illR^ft«ii« 

3 4 GaN/<';/:7rS 

3 5 31 f^:^->-V/UJ*:gL^G a NIK 

41 < 1 - 1 0 0 >;^f^{c 1 0** (DT^y^v^i^T-— 
v's >^^-r^ A 1 2O3 (0 0 0 1) stg 

4 2 £«±lC^4!>Jf^ric$ix^G a Nl^ 



43 ^ 1 <7)S i 02"^^ 54 

4 4 m 1 a N^r^S^-tirSiS^fijtggllgc 5 5 

4 5 3:.f^^'>ir/^fieSL3tl5 1 COG a NK 5 6 

4 6 S2(OS i 02"^^^ 5 7 

4 7 m2<OG a N^^S^-tt^S^^^S^igc 5 8 

4 8 ^fc:'i$?:3f-'>-y/U^gL/im2 0G a NM 5 9 
51 < 1 - 1 0 0 >*'ffi](c: 1 5** 0^7^y 60 
>-3 >$rWi-6A 1 2O3 (0 0 0 1) S« 6 1 

5 2 Sffi±ICi^4^)?F$^$ixfcG a 6 2 
5 3 Si (S i 02"^^:^^) 



G a N^f^^^-^^miRftz^mm 

in f^:^'>-t/l-^«LfcG a 
nSG a N=i>^i7 
nS?A 1 G a 7 ty 

nS^G a \^%iS^ Vm 

I n G a N/ 1 n G a N^fifi^#Ff§tt^ 
pSG a N3t^-f K® 
pSiA I G a KS 
pSG a N=3 V^:?' VM 



[ilt2] 



[1^3] 






— ^ 



35 
34 




[{D4] 



[115] 




(72) =P*»C 



Fi$^— 5F04i AA44 CA04 CA05 CA23 CA34 
CA40 CA65 CA67 
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